Purpose Rapid nutrient depletion in soils is one of the major problems that affect food production and food security in Sub-Saharan Africa. Studies have linked the growth of food crops with seasonal variation and differences in weather conditions. This study was conducted to assess the effects of various organic fertilizer formulations (OFFs) on the growth and yield of selected crops (Zea mays L.; Glycine max, TX 114 and Dioscorea rotundata Poir) during rainy and dry seasons to ensuring climate-smart agriculture. Methods The OFFs used were plant-based (PB), animal-based (AB), rock-based (RB), organic mixture (OM-mixture of PB, AB and RB), synthetic/chemical (SC) while ordinary compost without fortification served as control. Effects of OFFs on growth parameters (number of leaves, plant height, stem girth, leaf area, and crop yield) of maize, yam and soybeans were assessed in plot experiments across the two seasons. Results The RB gave highest growth performances in maize and soybean plots at both seasons when applied at 2.5 t ha −1 . It also improved yam growth when applied at 2.5 t ha −1 (rainy season) and 3.0 t ha −1 (dry season) more than any other fertilizer. The largest yield of maize in the dry season was obtained from plots with PB at 2.0 t ha −1 . The AB at 2.0 t ha −1 gave the largest soybean yield in the rainy season. Conclusions Organic fertilizers enriched especially with rock-based and plant-based materials have the potential to ameliorate the threat of climate change and seasonal variation to food security.
Introduction
The importance of agriculture to Nigeria's economy is currently at the center stage of national attention as farming is the main source of livelihood for over 70% of households in the country. In 2008, agriculture contributed 42% of the country's GDP (FMARD 2010) , which was significantly higher than the 18% derived from petroleum and natural gas production. However, the country's promising agricultural potential has not been realized and low fertilizer use is a major factor contributing to the stagnant agricultural productivity in Nigeria (FMARD 2010) . The compost, which is an organic fertilizer and an alternative soil amendment, is not very popular among the farmers because of its slower nutrient release potential and bulkiness. A large quantity of organic fertilizer must be applied to crops for effective results, due to low nutrient composition (Akanbi et al. 2007 ). Therefore, there is an urgent need to improve the quality of organic-based fertilizers for food security and environmental protection in Nigeria. However, over-dependence on expensive inorganic fertilizers may have serious environmental health hazards, such as water pollution and increased production of greenhouse gases, leading to global climate change (Arisha and Bardisi 1999) and eutrophication of water bodies that can cause algal bloom and production of toxins.
Fertilizers are broadly divided into organic (composed of enriched organic matter-plant or animal), or inorganic (composed of synthetic chemicals and/or minerals) (Heinrich 2000) types. By definition, the term 'fertilizer' refers to a soil 1 3 amendment that guarantees the minimum percentages of nutrients (at least the minimum percentage of nitrogen, phosphate, and potash). An "organic fertilizer" refers to fertilizer derived from non-synthetic organic materials, including plant and animal by-products, rock powders, seaweed, inoculants, sewage sludge, animal manures, and plant residues (Benton and Jones 2012) produced through the process of drying, cooking, composting (Dadi et al. 2019) , chopping, grinding, fermenting (Mario et al. 2019) or other methods (Thanaporn and Nuntavun 2019) . Organic and inorganic fertilizers have been used for many centuries (Erisman et al. 2008) , whereas chemically synthesized inorganic fertilizers were only widely developed during the industrial revolution. Thus, increased understanding and use of fertilizers were important parts of the pre-industrial British Agricultural Revolution and the industrial green revolution of the 20th century.
Seasonal variation and changes in weather conditions should predict the performance of microbes on bio-mineralization of organic fertilizer (Gaofei et al. 2010; John et al. 2018) and, consequently, agronomic development of crops. Knowledge of different organic fertilizer responses to seasonal variation will help in climate change resilient and climate-smart agriculture. According to Eghball (2002) , compost application in excess of crop requirements can last for several years in the soil since only a fraction of nitrogen and other nutrients in compost become available in the first year after application. Previous studies could not identify the most suitable organic fertilizer for specific crops during each planting season (Dadi et al. 2019; Madhumita and Ashalata 2019; Najla et al. 2018 ). Zerihun and Haile (2017) tested the effect of organic and inorganic fertilizers on the yield of two soybean varieties and found out that the response of soybean varieties to applied fertilizers was significantly affected by rainfall and its geographical distribution at the two seasons. In another study, Mukhtar et al. (2010) analyzed characters of sweet potato varieties grown at varying levels of organic and inorganic fertilizer during the wet seasons of 2004 and 2005. They concluded that application of organic fertilizer increased the yield of sweet potato in both years. Specifically, this study was conducted to test the effects of different organic fertilizer formulations (OFFs) on cereal (maize), legume (soybean) and tuber (yam) crops during the two seasons (dry and rainy seasons) in terms of agronomic performances, residual soil nutrient levels and crop yield after harvesting with the aim of mitigating climate-induced drought and threat to global food security.
Materials and methods

Description of the study area
Ibadan has been the center of administration of the old Western Region since the days of the British colonial rule, and parts of the city's ancient protective walls still stand to this day. The principal inhabitants of the city are Yoruba people. Ibadan experiences two seasons-rainy and dry. The rainy season runs from April through October, with temperature ranges from 23.1 to 27.0 °C and rainfall that ranges from 0.0 to 338.8 mm in 2005. The dry season extends from November through March. Ibadan Southwest Local Government Area (ISLGA), where the study took place, was carved out of the defunct Ibadan Municipal Government (IMG) in 1991. The Administrative Headquarter is located at Oluyole Estate. It covers a landmass of 133.5 km 2 with a population density of 2401 persons per square kilometer. The 2010 estimated population for the ISLGA was projected at 320,536 people, using a growth rate of 3.2% from 2006 census. Figure 1 describes meteorological data in Ibadan in 2012 when this study was carried out.
Study design and data collection procedure
A randomized complete block design (RCBD) with three replicates was conducted in plot experiments. The main plots were for three staple crops selected for the studymaize (Zea mays L.), soybean (Glycine max; TX 114) and yam (Dioscorea rotundata Poir) while five different OFFs at three levels of applications-2.0 t ha −1 , 2.5 t ha −1 and 3.0 t ha −1 and control plot, applied with ordinary compost without formulation formed subplots. The compost was produced by mixing vegetable waste with cow intestinal waste in ratio 3:1, followed by wetting and turning till maturity (Hammed et al. 2011) . All the organic fortifiers were also heaped up, composted and air-dried. The formulation was based on initial chemical analyses of all the fortifiers with the assumption that the OFFs should have minimum primary macronutrient values (P = 2.5% and N = 3.5%), in accordance with the national quality standard (Otu et al. 2014) . The OFFs included plant-based (PB), animal/human-based (AB), rock-based (RB) and organic-based (OM) fertilizers. The PB composed of 26.07% neem, 12.50% cottonseed and 61.43% compost; AB comprised 29.40% cow blood, 11.37 bone and 59.23% compost, and Rock-based comprised 26.6% hair, 8.8% phosphate rock and 64.6% compost. Organic-based fertilizer was obtained by mixing PB, AB, and RB in the same proportion. In addition to OFFs, synthetic chemical (SC) fertilizer produced from urea and single super-phosphate (5.56% urea + 8.33% phosphorus + 86.11% compost) was also used as a chemical counterpart in this study. Urea was sourced from AFCOTT Nig. LTD, Lagos, Nigeria; it contained 45% N per 50 kg bag. The SSP was sourced from Fertilizer and Chemical LTD., Kaduna, Nigeria and contained 18% P 2 O 5 .
A 30 × 30 m 2 of land along Jericho-Alesinloye road, behind the facility, was cleared for farm trials. The land was tilled to prepare maize and soybean beds and ridges for 1 3 yam. A subplot was 1 × 1 m 2 and in the maize and soybean subplots, each of the treatments and control subplots was planted with crops in 3 × 3 factorial design with three replicates. In the yam subplot, 2 × 3 factorial was used. A total of 72 yam tubers (each yam weight 0.55 g) were planted on the yam ridges. Thrash removed from the ground during the clearing was used as mulch. A distance of 45 cm was maintained between the crops planted. Thinning and transplanting of maize from three stands to one was carried out 2 weeks after planting and before fertilizer application. Fertilizer application to maize and soybean was done, using the ring method-3 cm deep and 5 cm away from stem 2 weeks after germination. Fertilizer was applied to yam in ring form under the mulch, a month after planting and at the first appearance of a shoot.
Soil samples for residual effect were collected at depth of 10 cm into the soil from maize, soybean and yam plots after harvesting. Grab samples were collected from each replicate, which were then pooled to form composite samples. Thinning and transplanting of maize from three stands to one was carried out 2 weeks after planting and before fertilizer application. All the measurements were taken at a week interval and the exercise continued for 11 weeks, maturity period for the crops. Standard laboratory methods as described by Motsara and Roy (2008) were followed to appraise residual nutrients and heavy metal concentration of fertilizers in the composite samples, using the Eq. 1. Agronomic data were observed viz. number of leaves, by counting; plant height, leaf area, and stem girth (in centimeters) by metric rule; and crop yield by weighing scale. Maize leaf area was calculated thus: L × B × 0.745 (Agboola 1990) . Plant height was measured as the distance from the base of the plant to the height of the first tassel branch and ear height as the distance to the node bearing the upper ear (Badu-Apraku et al. 2010). The entire farm plot experiments were carried out during the two seasons-dry and rainy. The sample mean, confidence interval (at 95%), and percentage composition were computed based on the data obtained from laboratory and field trials. The data were then subjected to analysis of variance (ANOVA) and New Duncan's multiple range test (Duncan 1959) for means separation at 95% level of probability for the growth and yield parameters. Again, the Pearson's correlation coefficient between the rate of fertilizer application and agronomic data was carried out, using SPSS software version 16. where A is nutrients in the soil after harvesting, B is soil background nutrient level before planting and N is the nutrient composition of fertilizers.
Results and discussion
Effect of seasonal variation on agronomic parameters of the test crops
Of all OFFs tested on the three crops, RB showed the highest effect during both seasons on all the crops. The effects of different rate of application of RB on agronomic parameters of the test crops are shown in Fig. 2 . There were more growths in all the maize and yam parameters in the rainy season than those in the dry season. This could probably be due to the fact that organic fertilizer depends on soil microbes, which are living organisms for bio-mineralization, growth conditions, cultural practices, soil characteristics (Below 2001) , and seasonal variation and changes in weather conditions should predict the performance of microbes and consequently, the level of bio-mineralization of organic fertilizer. According to Obiokoro (2005) , climate is one of the physical factors that determines the nature of the natural vegetation, the characteristics of the soils, the crops that can be grown, and the type of farming that can be practiced in any region. A related study dealt with the response of Dioscorea alata to NPK-Ca, shows that fertilization is affected by differences in weather conditions in the two growing seasons (Hgaza et al. 2010) .
Maize had the highest response to the RB fertilizer when applied at the rate of 2.5 t ha −1 at both seasons, and for yam, 2.5 t ha −1 (rainy season) and 3.0 t ha −1 (dry season) were mostly effective. Conversely, soybean showed better agronomic performance in the dry season compared to that in the rainy season, especially when applied at a rate of 2.5 t ha −1 . This finding is similar to a previous study conducted by Makinde and Salau (2017) who showed that the application of 2.5 t ha −1 cassava peel compost fortified with either 25 or 50 kg N ha −1 gave optimum Amaranthus growth with optimum residual soil nutrient contents. The most important climatic parameters for crop growth and yield are solar radiation, temperature, and rainfall (Ekaputa 2004) . Solar radiation determines the thermal characteristics of the environment, namely net radiation, day-length or photoperiod, the air, and soil temperatures (Danjuma 2004) . Soil and air temperatures affect the developmental stages more than any other factor (Ayoade 2002) . Of the two, soil temperature is a better indicator of energy condition required for crop development and yield than air temperature (Song 2003) . In addition, temperature and wind determine the state of soil moisture and the rate of evaporation (Okpemuoghor 2005) . In order to determine the optimum microclimatic condition for crops' growth and yield, various soil surface modification systems, such as mulching and ridge construction were used in the plot experiment during this study. 
Correlation matrix between agronomic parameters for maize and soybean at first and second cropping
Tables 1, 2, 3 and 4 show the correlation matrices between the agronomic parameters measured in maize and soybean during the rainy and dry seasons. There was a correlation between all agronomic parameters in maize when applied with ordinary compost during the first cropping. Very strong significant correlations were noted between PH and SG in maize plot applied with SC and PB during the first cropping with r = 0.818 and r = 0.694, respectively. In the plots applied with other formulation, no significant correlation existed; a negative correlation was even noted in SG and LA in the plot applied with RB (r = − 0.142) and between SG and PH (r = − 0.206) in OM plot. A similar situation was observed in the second cropping. However, some parameters exhibited a strong relationship in RB and AB plots and some showed a negative relationship in OM plot. Correlation also existed in the soybean plots among different parameters during the two planting seasons. The observation in soybean parameter correlation was almost in the reverse direction to what obtained in the maize. Some negative correlations were observed in both rainy (NL Vs SG, r = − 0.008) and dry (SG Vs PH: r = − 0.075 and SG Vs LA: r = − 0.134) seasons in the control plots with ordinary compost. Common to both seasons, LA exhibited a positive and significant relationship with other parameters. The correlation between one parameter and others during the two planting seasons may be a clear indication that a formulation may be chosen for dual or multiple purposes. However, the observation in soybean parameter correlation was almost in the opposite direction to that obtained in the maize. This Table 1 Correlation matrix between agronomic parameters for maize at first cropping Key: plant height (cm); leaf area (cm 2 ); stem girth (cm) *Correlation is significant at the 0.05 level (two-tailed) **Correlation is significant at the 0.01 level (two-tailed) disparity might be a consequence of the specific nature of OFF application to different crops. In general, a good knowledge of correlation among agronomic parameters is required before selecting the type of OFFs to be applied to crops. Figures 3, 4 and 5 show fresh yields of maize, soybean and yam when applied with different OFFs at the two seasons, respectively. In maize plots, formulations showed more effect on crop yield during the first cropping (rainy) than that in the second (dry) season. However, the yield in maize during the dry season far outweighed that of the rainy season when PB was applied at 2.0 t ha −1 . The formulations mostly showed more effect on the soybean yield during the second (dry) season than that in the first cropping (rainy) season. The PB at rate 2.5 t ha −1 gave the highest yield of soybean at the two seasons while AB at 2.0 t ha −1 was the best OFF for soybean in the rainy season. Yam has only one season and OM (3.0 t ha −1 ) gave the highest yam tuber yield. This is closely followed by RB (2.0 t ha −1 ) and AB (2.5 t ha −1 ). This observation suggests seasonal specificity for OFFs. There are many research studies on the effect of organic fertilizer modification and crop yield. Loeeke et al. (2004) reported that composted manure increased corn grain yield more than fresh manure. Jayaprakash et al. (2003) conducted a field experiment to determine the effect of organic and inorganic fertilizers on the yield and yield attributes of maize under irrigated condition. Significantly highest grain yield was obtained with application of compost at 2 t ha −1 , similar to that obtained for RB during the dry season in this study.
The tuber yield responses to OFF application in this study are contrary to the findings of Sotomayor-Ramirez et al. (2003) . The lack of tuber yield responses in their studies might be due to pest and diseases or the closeness of fertilized and non-fertilized plots as the length of roots can reach 5.5 m (O'Sullivan 2008). Organic manure can serve as an alternative practice to mineral fertilizers (Wong et al. 1999; Naeem et al. 2006 ) for improving soil structure (Dauda et al. 2008 ) and microbial biomass (Suresh et al. 2004) . Therefore, the utilization of locally produced manures by vegetable production operations may increase crop yields with less use of chemical fertilizer. The use of chemical fertilizers alone to sustain high crop yield has not been quite successful due to the enhancement of soil acidity, nutrient leaching, degradation of soil physical properties, and organic matter status (Nottidge et al. 2005 ).
Residual potential of chemical contents of organically fortified fertilizers
As shown in Fig. 6 , all the formulations showed residual nutrient potentials, though at varying levels. More quantities of OC were retained in SC plots (for yam and maize) and K (for all plots) than those in any other plot applied with other formulations. Control (ordinary compost) retained the highest levels of TN and P in the maize, yam, and soybean plots. Retention of TN and P in the maize, yam, and soybean control plots may be due to the fact that the nutrients were not in the form that could be readily absorbed by the plant roots. Additionally, high residual levels of OC and K found in SC and RB may be due to the low level of biomineralization. Among all the OFFs, RB was comparable to SC in terms of OC and K residual levels in maize, soybean and yam plots. In the entire main plots for maize, soybean and yam, all the formulations and control plots showed high percentage residual levels of Mn, especially when applied with SC (maize and yam) and OM (soybean) as shown in Fig. 7 . Apart from the Mn, other heavy metals were almost found at zero level. The high values of Mn were due to its initial levels in the soil and compost used for fortification. Generally, organic fertilizer has a binding site to immobilize heavy metals, leading to the highest values exhibited by SC in maize and yam plots. However, the factor that was responsible for the disparity in the soybean plot is yet to be understood. Additionally, the presence of high molecular weight humic acid generally found in soil with well-decomposed organic matter reduces the bioavailability of heavy metal and its toxicity in plant (Inaba and Takenaka 2005) , making them to be retained in the soil.
Conclusion
Seasonal variation had both negative and positive effects on the agronomic development and yield of the three crops (maize, soybean and yam) applied with different organically fortified fertilizers. Though the negative effects were more paramount especially on maize and yam during the dry season, positive effects noted for some of the fertilizers in either of the seasons should be taken as strategies to alleviate environmental stress on the crops so as to ensure climate-smart agriculture. The rate of application was another key factor that affected performances of the fertilizer on the crops. Rock-based fertilizer (RB) was generally a good promoter of maize and soybean growth at both seasons when applied at 2.5 t ha −1 . Additionally, the RB fertilizer was best for yam growth when applied at 2.5 t ha −1 (rainy season) and 3.0 t ha −1 (dry season). The threat of low yield of maize in the dry season could be offset by applying PB at 2.0 t ha −1 . The PB at rate 2.5 t ha −1 was good for soybean at the two seasons while AB at 2.0 t ha −1 was the best OFF for soybean in the rainy season. Fertilizers such as synthetic chemicals (SC) and plant-based (PB) had the potential to simultaneously improve two agronomic characteristics, i.e., plant height and leaf area development. Additionally, both SC and RB retained more organic carbon and potassium in the soil they were applied to. Manganese was the only heavy metal noticed in the plot with SC (maize and yam) and Organic mixture (soybean), limiting the threat of heavy metal contamination. Therefore, future studies focusing on the bioavailability of heavy metals and their toxicity to crops are recommended. 
